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SORT PROCESSING METHOD AND SORT PROCESSING APPARATUS 

BACKGROUND OF THE INVENTION 

The present invention relates to a sort processing 
method and a sort processing apparatus, which, in a 
computer or data processing, compare magnitudes of pieces 

p of data input by hardware, rearrange the pieces of data 

Q 

\J in accordance with a predetermined order and output the 

y1 rearranged pieces of data. 

o 

Algorithms are adopted by software executed by a 

3 

0 computer to carry out a sorting process as part of data 

nj . 

Q processing. The easiness of programming of the software, 

yl 

^ the size of a memory for storing the programmed software 

1 y 

and the shortness of a time required for execution of the 
software vary from algorithm to algorithm. A variety of 
examples of the algorithms include merge sort, bubble 
sort, heap sort and quick sort. The algorithm that is 
considered to be the most superior among them is the 
quick- sort algorithm. 

These algorithms are each implemented as software 
executed by a computer sequentially. The performance of 
each algorithm is evaluated from the length of a time 
required to process a predetermined number of pieces of 
data being sorted, the number of repetitions of 
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comparison and other criteria. 

With the progress of semiconductor technologies and 
other progress represented by an LSI (Large Scale 
Integration) , sort processing carried out so far by- 
execution of software can now be performed by hardware as 
well . 

The conventional hardware -based sort processing 
apparatus shown in Fig. 8 compares each input data in 
accordance with a diallel equation, and results of 
comparison are summed up. The sum is used as a priority 
level of the input data. Sort processing is then carried 
out by selecting input data in accordance with the 
priority level. 

The sort processing apparatus shown in Fig. 8 is a 
matrix with signals lines from eight input terminals XI- 
(0) to XI- (7), each serving as a row stretched into the 
horizontal direction, and signals lines from eight input 
terminals Yl-(0) to Yl-(7), each serving as a column 
stretched into the vertical direction. The input 
terminals XI- (0) to XI- (7), each receive input data and 
the input terminals Yl-(0) to Yl-(7) also each receive 
input data. 

The input terminals XI- (0) to XI- (7) receive pieces 
of input data l-{0) to l-(7) respectively. That is to say, 



input data received by an input terminal XI- (0) is 
denoted by reference numeral l-(0), which is the input 
terminal's reference numeral XI- (0) excluding the 
alphabetic character X. By the same token, the input 
terminals Yl-(0) to Yl-(7) receive the same pieces of 
input data l-(0) to l-(7) respectively. That is to say, 
input data received by an input terminal Yl-(0) is 
denoted by reference numeral l-(0), which is the input 
terminal's reference numeral Yl-(O) excluding the 
alphabetic character Y. Thus, the input terminal XI- (0) 
receives the input data 1-(Q) which is also received by 
the input terminal Yl-(0). 

The matrix of the sort processing apparatus is a 
matrix of comparators 2- (01) to 2- (07) compare the input 
data received by the input terminal XI- (0) with pieces of 
input data, which are received by the input terminals Yl - 
(1) to Yl-(07) respectively. 

By the same token, the comparator 2- (10) and the 
comparators 2- (12) to 2- (17) compare the input data 
received by the input terminal XI- (1) with pieces of 
input data received by the input terminal Yl- (0) and the 
input terminals Yl-(2) to Yl-(7). 

In the same way, the comparators 2- (20) to 2- (27) 
compare the input data received by the input terminal XI- 



(2) with pieces of input data received by the input 
terminals Yl-(O) to Yl-(7). Likewise, the comparators 2- 
(70) to 2- (76) compare the input data received by the 
input terminal XI- (7) with pieces of input data received 
by the input terminals Yl-(0) to Yl-(7). 

An adder 3-(0) sums up comparison results of seven 
bits output by the comparators 2- (01) to 2- (07). By the 

M 

pi same token, an adder 3-(l) sums up comparison results of 

Ul 

p seven bits output by the comparator 2- (10) and the 

m 

g comparators 2- (12) to 2- (17). In the same way, adder 3- 

nj (2) sums up comparison results of seven bits output by 

□ 

jjl the comparators 2- (20) to 2- (27). Likewise, an adder 3- 

□ 

nj (7) sums up comparison results of seven bits output by 

the comparators 2- (70) to 2- (76). 

A converter 5 converts the priority levels D40 to 
D47 output by the adders 3-(0) to 3- (7) respectively into 
3-bit priority signals D60 to D67 respectively. The 3-bit 
priority signals D60 to D67 each indicate which piece of 
input data is largest. 

Multiplexers 7-(0) to 7- (7) each receive eight 
pieces of data through input terminals Zl-(0) to Zl-(7). 
These eight pieces of input data are the same pieces of 
input data supplied to the input terminals XI- (0) to XI- 
(7) and Yl-(0) to Yl-(7). That is to say, input data 
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received by an input terminal Zl-(O) to Zl-(7) is denoted 
by reference numeral l-(0) to l-(7), which is the input 
terminal's reference numeral Zl-(i) excluding the 
alphabetic character Z or reference numerals XI- (0) to 
XI- (7) and Yl-(0) to Yl-(7) without the alphabetical 
characters X and Y respectively. 
Q In accordance with the 3 -bit priority signals D60 

to D67 output by the converter 5, the multiplexers 7-(0) 

nj 

lil to 7- (7) each select one of the eight pieces of input 

q 

8^ data supplied to the input terminals Zl-(0) to Zl-(7). 

P The multiplexers 7-(0) to 7- (7) select pieces of input 
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data, which are different from each other, sorting the 



eight pieces of input data. The multiplexers 7-(0) to 7- 



(7) supply the sorted pieces of input data to output 
terminals 8-(0) to 8- (7) respectively. 

In the configuration described above, the 
comparators 2- (01) to 2- (07) compare the magnitude of the 
input data received by the input terminal XI- (0) with the 
magnitudes of the pieces of input data received by the 
input terminals Yl-(l) to Yl-(7) respectively. If results 
of the comparison indicate that the magnitude of the 
input data received by the input terminal XI- (0) is 
smaller than the magnitudes of the pieces of input data 
received by the input terminals Yl-(l) to Yl-(7), the 
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signals output by the comparators 2- (01) to 2- (07) will 
each be set to an active state to indicate the results of 
the comparison. 

To put it concretely, the signals output by the 
comparators 2- (01) to 2- (07) are active if the results of 
the comparison indicate that the magnitude of the input 

q data received by the input terminals XI- (0) to XI- (7) is 

□ 

Si smaller than the magnitudes of the pieces of input data 

n ; 

i -V 

m received by the input terminals Yl-(0) to Yl-(7). For 

01 example, the signal output by the comparator 2- (01) is 



Q active if the result of the comparison indicates that the 

nj 

O magnitude of the input data received by the input 

U j 

O terminal XI- (0) is smaller than the magnitude of the 

m 

input data received by the input terminal Yl - (1) . 

The comparison results output by the comparators 2- 
(01) to 2(07) are supplied to the adder 3-(0), which sums 
up active comparison results, generating a priority level 
D40 representing the sum of the active comparison results 

By the same token, the comparator 2- (10) to 2- (17) 
compare the input data received by the input terminal XI- 
(1) with pieces of input data received by the input 
terminal Yl-(0) to Yl-(7), outputting active or inactive 
signals representing the results of the comparison. In 
the same way, the comparators 2- (20) to 2- (27) compare 
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the input data received by the input terminal XI- (2) with 
pieces of input data received by the input terminals Yl - 
(0) to Yl- (7) , outputting active or inactive signals 
representing the results of the comparison. Likewise, the 
comparators 2- (70) to 2- (76) compare the input data 
received by the input terminal XI- (7) with pieces of 
input data received by the input terminals Yl-(0) to Yl - 

(6) , outputting active or inactive signals representing 
the results of the comparison. 

The comparison results output by the comparator 2- 
(10) to 2- (17) are supplied to the adder 3-(l), which 
sums up active comparison results, generating a priority 
level D41 representing the sum of the active comparison 
results. Likewise, the comparison results output by the 
comparators 2- (70) to 2- (76) are supplied to the adder 3- 

(7) , which sums up active comparison results, generating 
a priority level D47 representing the sum of the active 
comparison results. 

The converter 5 converts the priority levels D40 to 
D47 supplied thereto by the adders 3-(0) to 3- (7) 
respectively into 3-bit priority signals D60 to D67 
respectively. The 3-bit priority signals D60 to D67 each 
indicate the size of each piece of input data. 

In accordance with the 3 -bit priority signals D60 
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to D67 output by the converter 5, the multiplexers 7-(0) 
to 7- (7) each select one of the eight pieces of input 
data supplied to the input terminals Zl-(O) to Zl-(7). 
The multiplexers 7-(0) to 7- (7) select pieces of input 
data, which are different from each other, sorting the 
eight pieces of input data, and supply the sorted pieces 
of input data to output terminals 8-(0) to 8- (7) 
respectively . 

Assume that the number of pieces of input data to 
be compared is N. In this case, in general, the total 
number of comparison of input data is theoretically equal 
to the number of possible combinations of two pieces 
extracted from the N pieces of input as follows; 

The number of comparison of input data 
= N X (N - 1 ) / 2 (1) 

However, since the conventional sort processing 
apparatus described above compares pieces of input data 
by using a matrix of comparators in accordance with a 
diallel equation, the number of required comparators is 
expressed as follows : 

The number of comparators = N X (N - 1) (2) 

It is obvious that the number of comparators 
expressed by equation (2) is twice the minimum number of 
theoretically required comparators, which is expressed by 

8 



equation ( 1 ) . 

In addition, after comparison, the sort processing 
apparatus carries out numerous kinds of rearrangement 
processing such as additions, conversion and multiplexing. 
It means that implementation of sort processing by 
hardware entails an increased circuit size. Furthermore, 
if the number of pieces of input data rises, not only 
does the circuit size increase, but the processing time 
also becomes longer as well. 

Moreover, the circuit of the converter 5 for 
converting results of comparison is difficult to 
implement. Since the larger the number of pieces of input 
data is, the more complex the circuit of the converter 5 
becomes, and there raises a problem of inconvenience 
encountered in the hardware implementation of the sort 
processing apparatus . 

SUMMARY OF THE INVENTION 

It is an object of the present invention addressing 
the problems described above to provide a sort processing 
method and a sort processing apparatus, which, in a 
computer or data processing, compare magnitudes of pieces 
of data input by hardware, rearrange the pieces of data 
in accordance with a predetermined order and output the 



data by using a circuit with a small size in a short 
period of time. 

In accordance with an aspect of the present 
invention, in order to solve the problems described above, 
there is provided a sort processing method for comparing 
pieces of input data with each other and rearranging the 
pieces of input data in accordance with results of 
comparison by repeatedly subjecting the pieces of input 
data to pipelining of repetitive basic processes each 
includes, comparison processing for comparing pieces of 
input data with each other by using comparators, and 
selection processing for selecting pieces of input data 



ri 

ass. 

ni 
yi 

□ 

□ 

P 

y = 
P 

SI by using data selectors wherein the total number of such 

basic processes is equal to the number of combinations of 
pieces of input data to be compared. 

In addition, in accordance with another aspect of 
the present invention, in order to solve the problems 
described above, there is provided a first sort 
processing apparatus, which is used for comparing pieces 
of input data with each other and for rearranging the 
pieces of input data in accordance with results of 
comparison and is provided with first basic cells each 
including, a first data comparator for comparing pieces 
of input data with each other and for outputting a first 
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select signal, and first data selectors for rearranging 
the compared pieces of input data in a magnitude order on 
the basis of the first select signal, wherein as many 
such first basic cells as combinations of pieces of input 
data to be compared are arranged in a pipeline 
configuration. 

Furthermore, in accordance with a further aspect of 
the present invention, in order to solve the problems 
described above, there is provided a second sort 
processing apparatus, which is used for comparing pieces 
of compound data including key data and relevant data 
related to the key data with each other and for 
rearranging the pieces of compound data in accordance 
with results of comparison and is provided with second 
basic cells each including, a second data comparator for 
comparing pieces of compound data with each other and for 
outputting a second select signal, and second data 
selectors for rearranging the compared pieces of compound 
data in a magnitude order on the basis of the second 
select signal, wherein as many such second basic cells as 
combinations of pieces of compound data to be compared 
are arranged in a pipeline configuration. 

The sort processing method provided by the present 
invention can be implemented by arranging only a minimum 



3 



number of simple basic processes theoretically required 
for sorting all pieces of input data in a repetitive 
pipeline configuration. Thus, in comparison with the 
conventional sort processing method, the sort processing 
method provided by the present invention can be 
implemented by compact hardware and in a short processing 
time. In addition, an increased number of pieces of input 
data can be handled by merely adding basic processes. As 
a result, the size of the hardware can be increased with 



ease . 



In addition, the first sort processing apparatus 



□ 
P 

PJ 

lil 
o 

yi 
C3 

R 5 

i : ~ 

provided by the present invention simply and repetitively 
uses a minimum number of theoretically required first 
basic cells arranged in a pipeline configuration for 
processing all pieces of input data in order to carry out 
sort processing. By the same token, the second sort 
processing apparatus provided by the present invention 
simply and repetitively uses a minimum number of 
theoretically required second basic cells arranged in a 
pipeline configuration for processing all pieces of 
compound data in order to carry out sort processing. Thus, 
the adders and the converter employed in each of the 
conventional sort processing apparatus are no longer 
necessary. As a result, the first and second sort 
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processing apparatuses can each be implemented by compact 
hardware capable of carrying out the sort processing in a 
short period of processing time. 

Furthermore, the first sort processing apparatus 
provided by the present invention is capable of handling 
an increased number of pieces of input data by simply 
newly adding first basic cells in accordance with the 
aLdditional pieces of input data. In the same way, the 
second sort processing apparatus provided by the present 
invention is capable of handling an increased number of 
pieces of compound data by simply newly adding second 
basic cells in accordance with the additional pieces of 
compound data. As a result, the size of hardware for 
implementing the first or second sort processing 
apparatuses can be increased with ease. 

Moreover, in particular, besides the capabilities 
described above, the second sort processing apparatus 
provided by the present invention offers a merit that 
each input data may comprise a plurality of pieces of 
data related to each other. In this case, one of the 
pieces of data is used as key data. Then, while pieces of 
key data are being sorted into a magnitude order, pieces 
of relevant data, which are related to the pieces of key 
data, are arranged by associating the pieces of relevant 



data with the pieces of key data. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing the configuration 
of a first embodiment of the present invention in a 
^ simple manner; 

h 

p Fig. 2 is a block diagram showing the configuration 

\J 

nj of each of first basic cells each serving as a 

m 

£1 configuration element of the embodiment shown in Fig. 1; 

m 

s Fig. 3 is an explanatory diagram showing operations 

□ 

fU to swap pieces of data with each other in the course of 

n 

taw 

UI sort processing carried out by the embodiment shown in 

Is BP 

Hi Fig. 1; 

Fig. 4 is a block diagram simply showing the 
configuration of second embodiment of the present 
invention for handling pieces of compound data as each of 
its inputs ; 

Fig. 5 is a block diagram showing the configuration 
of each of second basic cells each serving as a 
configuration element of the embodiment shown in Fig. 4; 

Fig. 6 is a block diagram showing the configuration 
of the first embodiment of the present invention with 
more pieces of input data; 

Fig. 7 is a block diagram showing the configuration 
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of another embodiment of the present invention including 
means for preventing an operation speed of the sort 
processing from decreasing; and 

Fig. 8 is a block diagram showing the configuration 
of the conventional sort processing apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The following description explains the preferred 
embodiments of the present invention implementing a sort 
processing method and sort processing apparatus by 
referring to diagrams. Fig. 1 is a diagram 
diagrammatically showing the overall configuration of a 
first embodiment implementing a sort processing apparatus 
provided by the present invention. In this case, eight 
pieces of input data are supplied to the sort processing 
apparatus . 

As shown in the figure, external input terminals 9- 
(0) and 9-(l) are connected respectively to input 
terminals Ai and Bi of a first-stage basic cell 10- (0) 
for carrying out basic processing. The first-stage basic 
cell 10- (0) comprises a data comparator for comparing 
pieces of input data with each other and a data selector 
for carrying out select processing as will be described 
later in detail. Pieces of data, which have been sorted 



in accordance with results of the comparison, are 
supplied to output terminals Ao and Bo of the first- stage 
basic cell 10 - (0) . 

As shown in the figure, input data D9{0) and input 
data D9(l) are supplied to the external input terminals 

9- (0) and 9-(l) respectively. The first-stage basic cell 

10- (0) compares the input data D9(0) with the input data 
D9(l), outputting the smaller and greater ones to the 
output terminals Ao and Bo respectively. 

By the same token, external input terminals 9- (2) 
and 9- (3) are connected respectively to input terminals 
Ai and Bi of a first-stage basic cell 10- (1), and 
external input terminals 9- (4) and 9- (5) are connected 
respectively to input terminals Ai and Bi of a first- 
stage basic cell 10- (2) whereas external input terminals 

9- (6) and 9- (7) are connected respectively to input 
terminals Ai and Bi of a first-stage basic cell 10- (3). 
In the same way, the first-stage basic cells 10-(1) to 

10- (3) comprise a data comparator for comparing pieces of 
input data with each other and a data selector for 
carrying out select processing, and pieces of data, which 
have been sorted in accordance with results of the 
comparison, are supplied to output terminals Ao and Bo. 

Likewise, input data D9(2) and input data D9(3) are 



supplied to the external input terminals 9- (2) and 9- (3) 
respectively. The first-stage basic cell 10- (1) compares 
the input data D9(2) with the input data D9(3), 
outputting the smaller and greater ones to respectively 
the output terminals Ao and Bo of the first-stage basic 
cell 10- (1). Similarly, input data D9(4) and input data 
D9(5) are supplied to the external input terminals 9- (4) 
and 9- (5) respectively. The first-stage basic cell 10- (2) 
compares the input data D9(4) with the input data D9(5), 
outputting the smaller and greater ones to respectively 
the output terminals Ao and Bo of the first-stage basic 
cell 10- (2). By the same token, input data D9(6) and 
input data D9(7) are supplied to the external input 
terminals 9- (6) and 9- (7) respectively. The first-stage 
basic cell 10- (3) compares the input data D9(6) with the 
input data D9(7), outputting the smaller and greater ones 
to respectively the output terminals Ao and Bo of the 
first-stage basic cell 10- (3). 

Input terminals Ai and Bi of a second- stage basic 
cell 10- (4) are connected to respectively the output 
terminal Bo of the first-stage basic cell 10- (0) and the 
output terminal Ao of the first-stage basic cell 10- (1). 
In the same way, input terminals Ai and Bi of a second- 
stage basic cell 10- (5) are connected to respectively the 



output terminal Bo of the first-stage basic cell 10- (1) 
and the output terminal Ao of the first-stage basic cell 
10- (2). Similarly, input terminals Ai and Bi of a second- 
stage basic cell 10- (6) are connected to respectively the 
output terminal Bo of the first-stage basic cell 10- (2) 
and the output terminal Ao of the first-stage basic cell 
10- (3). Likewise, the second-stage basic cell 10- (i) 
comprises a data comparator for comparing pieces of input 
data with each other and a data selector for carrying out 
select processing, and pieces of data, which have been 
sorted in accordance with results of the comparison, are 
supplied to output terminals Ao and Bo of the first -stage 
basic cells 10- (4) to 10- (6). 

As described above, the first-stage basic cells 10- 

(0) and 10- (1) are connected in series to the second- 
stage basic cell 10- (4) to form a pipeline configuration, 
wherein while the first-stage basic cells 10- (0) and 10- 

(1) are outputting sorted pieces of data to the second- 
stage basic cell 10- (4), and next pieces of input data 
are supplied to the first-stage basic cells 10- (0) and 
10- (1). By the same token, the first-stage basic cells 
10- (1) and 10- (2) are connected in series to the second- 
stage basic cell 10- (5) to form a similar pipeline 
configuration. In the same way, the first-stage basic 
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cells 10- (2) and 10- (3) are connected in series to the 
second-stage basic cell 10- (6) to form a similar pipeline 
configuration . 

The second-stage basic cell 10- (4) compares pieces 
of data received from the first-stage basic cells 10- (0) 
and 10- (1), outputting the smaller and greater ones to 
respectively the output terminals Ao and Bo of the 
second-stage basic cell 10- (4). Likewise, the second- 
stage basic cell 10- (5) compares pieces of data received 

from the first-stage basic cells 10- (1) and 10- (2), 

n 

n| outputting the smaller and greater ones to respectively 

3 

Hi the output terminals Ao and Bo of the second- stage basic 

r;\ cell 10- (5) . By the same token, the second-stage basic 

cell 10- (6) compares pieces of data received from the 
first-stage basic cells 10- (2) and 10- (3), outputting the 
smaller and greater ones to respectively the output 
terminals Ao and Bo of the second-stage basic cell 10- (6) 
Pieces of data output from the output terminal Ao of the 
first-stage basic cell 10- (0) and the output terminal Bo 
of the first-stage basic cell 10- (3) are not processed by 
the second-stage basic cells 10- (4) to 10- (6). 

A basic block FBI comprises seven basic cells, 
namely, the . first - stage basic cells 10- (0) to 10- (3) and 
the second-stage basic cells 10- (4) to 10- (6). The basic 
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block FBI carries out the comparison and sorting 
processing two times on the pieces of input data D9(0) to 
DO (7), outputting 8 processing results, namely, pieces of 
data from the output terminals Ao and Bo of each of the 
second-stage basic cells 10- (4), 10- (5) and 10- (6), and 
the pieces of data output from the output terminal Ao of 
the first-stage basic cell 10- (0) and the output terminal 
Bo of the first-stage basic cell 10- (3). 

The 8 processing results output by the basic block 
FBI are supplied to third-stage basic cells 10- (7) to IO- 



CS 

J!l (10) employed in a next basic block FB2 , which also 

Q 

iw includes fourth-stage basic cells 10- (11) to 10- (13) in 

Si the same way as the pieces of input data D9(0) to DO (7) 



are supplied to the first-stage basic cells 10- (0) to 10- 
(3) of the basic block FBI. 

In the same way as the first-stage basic cells 10- 
(0) to 10- (3) are connected to the second-stage basic 
cells 10- (4) to 10- (6) in the basic block FBI, the third- 
stage basic cells 10- (7) to 10- (10) are connected in 
series to the fourth-stage basic cells 10- (11) to 10- (13) 
to form a similar pipeline configuration in the basic 
block FB2 . In the basic block FB two pieces of data, which 
are sorted by the third-stage basic cells 10- (7) to 10- 
(10), are supplied to the three fourth-stage basic cells 
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10- (11) to 10- (13). As a result, the basic block FB2 
outputs eight sorted pieces of data as pieces of input 
data to a next basic block FB3 in the same way as the 
basic block FBI outputs the eight sorted pieces of data 
as pieces of input data to the basic block FB2 . 

The basic block FB3 also includes seven basic cells 
10(14) to 10- (20). The fifth-stage basic cells 10- (14) 
to 10- (17) are used for receiving the eight sorted pieces 
of data from the basic block FB2 in the same way as the 
pieces of input data D9(0) to DO (7) are received by the 
first-stage basic cells 10- (0) to 10- (3) of the basic 
block FBI. 

In the same way as the first-stage basic cells 10- 
(0) to 10- (3) are connected to the second-stage basic 
cells 10- (4) to 10- (6) in the basic block FBI, the fifth- 
stage basic cells 10- (14) to 10- (17) are connected in 
series to the sixth-stage basic cells 10- (18) to 10- (20) 
to form a similar pipeline configuration in the basic 
block FB3. In the basic block FB3 , pieces of data, which 
are sorted by the fifth-stage basic cells 10- (14) to 10- 
(17), are supplied to the three sixth-stage basic cells 
10- (18) to 10- (20). As a result, the basic block FB3 
outputs eight sorted pieces of data as pieces of input 
data to a next basic block FB4 in the same way as the 
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basic block FBI outputs the eight sorted pieces of data 
as pieces of input data to the basic block FB2 . 

The 8 processing results output by the basic block 
FB3 are supplied to seven th - stage basic cells 10- (21) to 
10- (24) of a next basic block FB4 , which also includes 
eighth-stage basic cells 10- (25) to 10- (27) in the same 

M 

□ way as the pieces of input data D9(0) to DO (7) are 

M 

Sj supplied to the first-stage basic cells 10- (0) to 10- (3) 

nj 

U1 of the basic block FBI. 

a 

01 In the same way as the first-stage basic cells 10- 

□ (0) to 10- (3) are connected to the second-stage basic 
P cells 10- (4) to 10- (6) in the basic block FBI, the 

Ul 

□ seventh- stage basic cells 10- (21) to 10- (24) are 

n s 

connected in series to the eighth-stage basic cells 10- 
(25) to 10- (27) to form a similar pipeline configuration 
in the basic block FB4 . In the basic block FB4 , pieces of 
data, which are sorted by the seventh - stage basic cells 

10- (21) to 10- (24), are supplied to the three eighth- 
stage basic cells 10- (25) to 10- (27). As a result, the 
basic block FB4 outputs eight sorted pieces of data as 
final pieces of output data to external output terminals 

11- (0) to 11- (7) respectively in the same way as the 
basic block FBI outputs the eight sorted pieces of data 
as pieces of input data to the basic block FB2 . 
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Pieces of data, which are obtained as results of 
sort processing of the pieces of input data D9(0) to 
D9(7), appear at the terminal output Ao of the seventh- 
stage basic cell 10- (21), the output terminals Ao and Bo 
of each of the eighth-stage basic cells 10- (25) to 10- 
(27) and the output terminal Bo of the seven th - s tage 

P basic cell 1-0- (24). The pieces of data are supplied as 

□ 

%l they are to the external output terminals 11- (0) to 11- 

nj 

U1 (7) respectively in an increasing - magni tude order 

P 

Si starting with the minimum at the external output terminal 

3 

£3 11- (0) and ending with the maximum at the external output 

flj 

P terminal 11 - (7) . 

Ul 

P As described above, the basic blocks FBI to FB4 , 

FU 

which each comprises seven basic cells having uniform 
structures, are connected to each other to form a 
pipeline configuration. The basic blocks FBI to FB4 
constitute a sort processing apparatus. The sort 
processing apparatus is thus a group of 28 basic cells. 
The 28 basic cells are each the aforementioned first 
basic cell provided by the present invention. 

Since the number of pieces of input data supplied 
to the sort processing is 8 (N = 8) , the number of 
comparison carried out on the pieces of input data is 8 X 
7/2 = 28 as is expressed by equation (1) . This number is 
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equal to the minimum number of theoretically required 
basic cells . 

Next, the internal structure of the first basic 
cell is explained by referring to Fig. 2. The basic cell 
10- (0) shown in Fig. 1 is used as a representative first 
basic cell explained below. As shown in Fig. 2, the basic 
cell 10- (0) comprises a data comparator 12 serving as the 
aforementioned first data comparator provided by the 
present invention, and data selectors 13- (0) and 13- (1) 
each serving as the aforementioned first data selector 
provided by the present invention. 

The input terminals Ai and Bi of the basic cell 10- 
(0) are connected to the external input terminals 9-(0) 
and 9-(l) respectively. The external input terminals 9- 
(0) and 9-(l) receive the pieces of input data D9(0) and 
D9(l) respectively as shown in Fig. 1. 

The input terminals Ai and Bi of the basic cell 10- 
(0) are also connected respectively to input terminals Ai 
and Bi of the data comparator 12, which compares the 
input data D9(0) with the input data D9(l), generating a 
select signal SI at an output terminal CI of the data 
comparator 12 as a result of comparison. The select 
signal SI functions as the aforementioned first select 
signal provided by the present invention. 
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In addition, the input terminal Ai of the basic 
cell 10- (0) is also connected to an input terminal Inl of 
the data selector 13- (0) and an input terminal InO of the 
data selector 13 - (1) . On the other hand, the input 
terminal Bi of the basic cell 10- (0) is also connected to 
an input terminal InO of the data selector 13- (0) and an 
input terminal Inl of the data selector 13- (1) . 

The select signal SI is supplied to a control 
terminal SEL of the data selector 13- (0) and a control 
terminal SEL of the data selector 13- (1). An output 



n terminal SEL0 of the data selector 13- (0) and an output 

PJ 

Pi terminal SEL0 of the data selector 13- (1) are connected 

m 

Q to respectively the output terminals Ao and Bo of the 

m 



basic cell 10- (0) . 

The following description explains the operation of 
the basic cell 10- (0) with the configuration described 
above. As described above, the data comparator 12 
compares the input data D9(0) with the input data D9(l). 
If the input data D9(l) is found greater than the input 
data D9(0), the select signal SI is set at a logic value 
of "1". If the input data D9 (1) is found equal to or 
smaller than the input data D9(0), on the other hand, the 
select signal SI is set at a logic value of "0". 

If the select signal SI is set at a logic value of 
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"1" to indicate that D9(l) > D9(0), the data selector 13- 
(0) passes on the input data D9(0) received at the input 
terminal Inl to the output terminal Ao by way of the 
output terminal SELO, and the data selector 13- (1) passes 
on the input data D9(l) received at the input terminal 
Inl to the output terminal Bo by way of the output 
terminal SELO. 

That is to say, for D9(l) > D9(0), D9(0) and D9(l) 
are sorted so that the smaller data D9(0) is supplied to 
the output terminal Ao and the larger data D9(l) is 
supplied to the output terminal Bo. 

If the select signal SI is set at a logic value of 
"0" to indicate that D9(l) ^ D9(0), on the other hand, 
the data selector 13- (0) passes on the input data D9(l) 
received at the input terminal InO to the output terminal 
Ao by way of the output terminal SELO, and the data 
selector 13- (1) passes on the input data D9(0) received 
at the input terminal InO to the output terminal Bo by 
way of the output terminal SELO. 

That is to say, for D9(l) < D9(0), D9(0) and D9(l) 
are sorted so that the smaller data D9(l) is supplied to 
the output terminal Ao and the larger data D9(0) is 
supplied to the output terminal Bo. For D9(l) = D9(0), 
the data D9(l) is supplied to the output terminal Ao and 



the data D9(0) is supplied to the output terminal Bo. 

To summarize what has been described above, in the 
basic cell 10- (0), the data comparator 12, the data 
selectors 13- (0) and 13- (1) operate to compare input data 
supplied to the input terminal Ai with input data 
supplied to the input terminal Bi and, if the input data 

S s 
pa 

P supplied to the input terminal Bi is found greater than 

SJ the input data supplied to the input terminal Ai, the 

RJ 

Ul input data supplied to the input terminal Ai is passed on 

CH to the output terminal Ao while the input data supplied 

s 

Q to the input terminal Bi is passed on to the terminal Bo 

PJ 

W If the basic cell 10- (0) finds that the input data 

Ul 

□ supplied to the input terminal Bi is equal to or smaller 

nj 

than the input data supplied to the input terminal Ai , 
the input data supplied to the input terminal Ai is 
passed on to the output terminal Bo while the input data 
supplied to the input terminal Bi is passed on to the 
output terminal Ao . 

As described above, pieces of input data are 
rearranged so that data passed on to the output terminal 
Ao is always equal to or smaller than data passed on to 
the output terminal Bo without regard to the magnitude 
order in which the pieces of input data are supplied to 
the input terminals Ai and Bi. Thus, the basic cell 10- 
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(0) functions as a sort processing unit having two inputs. 

In addition, the comparison condition of the data 
comparator 12 can also be set as follows. That is to say, 
if the input data D9(l) is found smaller than the input 
data D9(0), the select signal SI is set at a logic value 
of "1", and if the input data D9(l) is found equal to or 
greater than the input data D9(0), the select signal SI 
is set at a logic value of "0". In this case, the basic 
cell 10- (0) functions as a sort processing unit 
comprising the data comparator 12 and the data selectors 
13- (0) and 13- (1) that sort pieces of input data into the 
reversed order. 

Fig. 3 is an explanatory diagram showing a model of 
typical sort processing carried out by the 8-input sort 
processing apparatus comprising the basic cells of Fig. 2 
combined repeatedly as shown in Fig. 1. 

As described before, the external input terminals 
9-(0) to 9-(l) receive pieces of input data D9(0) to 
D9(l) respectively. At the left end of Fig. 3, reference 
numerals 0 to 7 assigned to the pieces of input data 
D9(0) to D9(l) indicate the order of the magnitudes of 
the pieces of input data D9(0) to D9(l) as follows: D9(0) 
> D9(l) > D9(2) > D9(4) > D9(3) > D9(6) > D9(5) > D9(7). 

In the process of passing through the basic cells 
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10- (0) to 10- (27), the pieces of input data D9(0) to 
D9(7) are subjected to sorting based on comparison of 
magnitudes. In the course of the process of passing 
through the basic cells 10- (0) to 10- (27), the pieces of 
input data D9(0) to D9(7) are swapped with each other in 
accordance with results of magnitude comparison as shown 
by arrows. The pieces of data are finally supplied to the 
external output terminals 11- (0) to 11- (7) respectively 
in an incr eas ing - magni tude order starting with the 
minimum at the output terminal 11- (0) and ending with the 
maximum at the external output terminal 11- (7) as 
indicated by reference numerals 0 to 7 assigned to the 
external output terminals 11- (0) to 11- (7) respectively 
at the right end. 

In the basic cells 10- (0) to 10- (27), pieces of 
data are swapped with each other in accordance with 
results of magnitude comparison. In the basic cells 10- 
(25) and 10- (26), the pieces of data are not swapped with 
each other in accordance with results of magnitude 
comparison . 

The embodiment shown in Fig. 1 receives eight 
pieces of input data, which are an even number. It should 
be noted, however, that the number of pieces of input 
data can also be odd. In this case, an additional piece 
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of input data is prepared as invalid input data, assume 
that the number of pieces of input data is 7. In this 
case, sort processing can be carried out by additionally- 
preparing large data greater than the maximum among the 
seven pieces of theoretically valid input data or adding 
small data smaller than the minimum among the seven 
pieces of theoretically valid input data as the invalid 
input data. 

Assume that a large data greater than the maximum 
among the seven pieces of theoretically valid input data 
is additionally prepared as the invalid input data. In 
this case, the most significant bit of the invalid input 



q data is set at 1 . On the other hand, the most significant 



bit of any of the valid input data is set at 0 . By doing 
so, the invalid input data always appears as largest 
output data at the external output terminal 11- (7) while 
the seven remaining pieces of valid input data are 
supplied to the external output terminals 11- (0) to li- 
fe) . 

The above description explains a case in which 
basic cells are arranged to form a pipeline configuration 
for sorting pieces of single input data. It should be 
noted, however, that the present invention can also be 
applied to sort processing of pieces of compound data. 
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Fig. 4 is a diagram showing an embodiment 
implementing a sort processing apparatus for sorting 
eight pieces of compound data comprising key data and 
relevant data related to the key data. Examples of the 
key data and the relevant data are respectively like an 
ID number of a student and test result marks gained by 
the student. That is to say, the students' ID numbers 
each used as a piece of relevant data are sorted by using 
marks, which are gained by the students and are each used 
as a piece of key data. 

This sort processing apparatus is a group of 28 
basic cells, namely, the basic cells 18- (0) to 18- (27). 
The group of 28 basic cells is organized into basic 
blocks FB5 to FB8, which are connected to each other to 
form a pipeline configuration. Each of the basic blocks 
FB5 to FB8 comprises seven basic cells as each of the 
basic blocks FBI to FB4 shown in Fig. 1 does. 

External input terminals 17- (00), 17- (01), 17- (10) 
and 17- (11) are connected respectively to input terminals 
Dil, Kil, Di2 and Ki2 of a first-stage basic cell 18- (0), 
which comprises a data comparator and data selectors. A 
pair C17(0) comprises relevant data D17(0) and key data 
K17(0), which are supplied to the external input 
terminals 17- (00) and 17- (01) respectively, whereas 



another pair C17(l) comprises relevant data D17(l) and 
key data K17(l), which are supplied to the external input 
terminals 17- (10) and 17- (11) respectively. The two 
pieces of key data K17(0) and K17(l) supplied to the 
external input terminals 17- (01) and 17- (11) respectively 
are used as pieces of base data to be compared in the 
first-stage basic cell 18- (0). As a result of the 
comparison, one of the pairs C17(0) and C17(l) is passed 
on to output terminals Dol and Kol while the other pair 
is passed on to output terminals Do2 and Ko2 . 

The pair C17(0) is compound data comprising the 
relevant data D17(0) and the key data K17(0), which are 
supplied to the external input terminals 17- (00) and 17- 
(01) respectively. Likewise, the pair C17(l) is compound 
data comprising the relevant data D17(l) and the key data 
K17(l), which are supplied to the external input 
terminals 17- (10) and 17- (11) respectively. 

The two pieces of key data K17(0) and K17(l) are 
compared in the first-stage basic cell 18- (0) in order to 
sort them. The basic cell 18- (0) always supplies the 
smaller key data to the output terminal Kol and the 
larger key data to the output terminal Ko2 . If the two 
pieces of key data K17(0) and K17(l) are found equal to 
each other, the basic cell 18- (0) supplies the key data 
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K17(0) to the output terminal Kol and the key data K17(l) 
to the output terminal Ko2 . If the basic cell 18- (0) 
supplies the key data K17(0) to the output terminal Kol 
and the key data K17(l) to the output terminal Ko2 , the 
relevant data D17(0) and the relevant data D17(l) are 
supplied to the output terminals Dol and Do2 respectively. 
If the basic cell 18- (0) supplies the key data K17(0) to 
the output terminal Ko2 and the key data K17(l) to the 
output terminal Kol, the relevant data D17(0) and the 
relevant data D17(l) are supplied to the output terminals 
Do2 and Dol respectively . 

By the same token, a compound - data pair C17 (2) of 
relevant data D17(2) and key data K17(2) are supplied to 
respectively external input terminals 17- (20) and 17- (21) 
of a first-stage basic cell 18- (1), whereas another 
compound- data pair C17(3) of relevant data D17(3) and key 
data K17(3) are supplied to respectively external input 
terminals 17- (30) and 17- (31) of the first-stage basic 
cell 18- (1). In the same way, a compound - data pair C17(4) 
of relevant data D17(4) and key data K17(4) are supplied 
to respectively external input terminals 17- (40) and 17- 
(41) of a first-stage basic cell 18- (2), whereas another 
compound-data pair C17(5) of relevant data D17(5) and key 
data K17(5) are supplied to respectively external input 



terminals 17- (50) and 17- (51) of the first-stage basic 
cell 18- (2) . 

The two pieces of key data K17(2) and K17(3) are 
compared in the first-stage basic cell 18- (1) in order to 
sort them. By the same token, the two pieces of key data 
K17(4) and K17(5) are compared in the first-stage basic 
cell 18- (2) in order to sort them. In the same way, the 
two pieces of key data K17(6) and K17(7) are compared in 
the first-stage basic cell 18- (3) in order to sort them. 

Generically speaking, two pieces of key data K17(2) 
and KJ7(3) are compared in the first-stage basic cell 18- 
(1) in order to sort them. The basic cell 18- (1) always 
supplies the smaller key data to the output terminal Kol 
and the larger key data to the output terminal Ko2 . If 
the two pieces of key data K17(2) and K17(3) are found 
equal to each other, the basic cell 18- (1) supplies the 
key data K17(2) to the output terminal Kol and the key 
data K17(3) to the output terminal Ko2 . If the basic cell 
18- (2) supplies the key data K17(4) to the output 
terminal Kol and the key data K17(5) to the output 
terminal Ko2 , the relevant data D17(4) and the relevant 
data D17(5) are supplied to the output terminals Dol and 
Do2 respectively. If the basic cell 18- (3) supplies the 
key data K17(6) to the output terminal Ko2 and the key 
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data K17(7) to the output terminal Kol, on the other hand, 
the relevant data D17(6) and the relevant data D17(7) are 
supplied to the output terminals Do2 and Dol respectively. 

Input terminals Dil and Kil of a second-stage basic 
cell 18- (4) are connected to respectively the output 
terminals Do2 and Ko2 of the first-stage basic cell 18- 
(0) . On the other hand, input terminals Di2 and Ki2 of 
the second-stage basic cell 18- (4) are connected to 
respectively the output terminals Dol and Kol of the 
first-stage basic cell 18- (1). 

In the same way, input terminals Dil and Kil of a 
second-stage basic cell 18- (5) are connected to 
respectively the output terminals Do2 and Ko2 of the 
first-stage basic cell 18- (1). On the other hand, input 
terminals Di2 and Ki2 of the second-stage basic cell 18- 

(5) are connected to respectively the output terminals 
Dol and Kol of the first-stage basic cell 18- (2). 

By the same token, input terminals Dil and Kil of a 
second-stage basic cell 18- (6) are connected to 
respectively the output terminals Do2 and Ko2 of the 
first-stage basic cell 18- (2). On the other hand, input 
terminals Di2 and Ki2 of the second-stage basic cell 18- 

(6) are connected to respectively the output terminals 
Dol and Kol of the first-stage basic cell 18- (3). 
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The first-stage basic cells 18- (0) and 18- (1) are 
connected in series to the second-stage basic cell 18- (4) 
to form a pipeline configuration. By the same token, the 
first-stage basic cells 18- (1) and 18- (2) are connected 
in series to the second-stage basic cell 18- (5) to form a 
similar pipeline configuration. In the same way, the 

[A first-stage basic cells 18- (2) and 18- (3) are connected 

M 

C3 in series to the second- stage basic cell 18-(6) to form a 

•4 

HJ similar pipeline configuration. 
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The second-stage basic cell 18- (4) compares sorted 
pieces of key data received from the first-stage basic 
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greater ones to respectively output terminals Kol and Ko2 
of the second-stage basic cell 18- (4). On the other hand, 
the pieces of relevant data are supplied to respectively 
output terminals Dol and Do2 of the second- stage basic 
cell 18- (4). Likewise, the second-stage basic cell 18- (5) 
compares pieces of data received from the first-stage 
basic cells 18- (1) and 18- (2), supplying the smaller and 
greater ones to respectively output terminals Kol and Ko2 
of the second-stage basic cell 18- (5). On the other hand, 
the pieces of relevant data are supplied to respectively 
output terminals Dol and Do2 of the second- stage basic 
cell 18- (5). By the same token, the second-stage basic 
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cell 18- (6) compares pieces of data received from the 
first-stage basic cells 18- (2) and 18- (3), supplying the 
smaller and greater ones to respectively output terminals 
Kol and Ko2 of the second-stage basic cell 18- (6). On the 
other hand, the pieces of relevant data are supplied to 
respectively output terminals Dol and Do2 of the second- 
ly stage basic cell v 18-(6). Thus, pieces of key data output 

Q 

R from the output terminal Kol of the first-stage basic 
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cell 18- (0) and the output terminal Ko2 of the first- 
stage basic cell 18- (3) are not processed by the second- 
stage basic cells 18- (4) to 18- (6), Similarly, pieces of 
relevant data output from the output terminal Dol of the 
first-stage basic cell 18- (0) and the output terminal Do2 
of the first-stage basic cell 18- (3) are not supplied to 
the second-stage basic cells 18- (4) to 18- (6). 

A basic block FB5 comprises seven basic cells, 
namely, the first-stage basic cells 18- (0) to 18- (3) and 
the second-stage basic cells 18- (4) to 18- (6). The basic 
block FB5 carries out the comparison and sorting 
processing two times on the pairs of compound data C17(0) 
to C17(7), outputting two inputs of processing results, 
namely, a pair of key data and relevant data from the 
output terminals Kol and Dol of each of the second- stage 
basic cells 18- (4), 18- (5) and 18- (6), a pair of key data 
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and relevant data from the output terminals Ko2 and Do2 
of each of the second-stage basic cells 18- (4), 18- (5) 
and 18- (6), a pair of key data and relevant data from the 
output terminals Ko2 and Do2 of the first-stage basic 
cell 18- (0) and a pair of key data and relevant data from 
the output terminals Kol and Dol of the first-stage basic 
cell 18 - (3 ) . 

The eight pairs of compound data output by the 
basic block FB5 are supplied to third-stage basic cells 
18- (7) to 18- (10) of a next basic block FB6, which also 
includes fourth-stage basic cells 18- (11) to 18- (13) in 
the same way as the pairs of compound data C17(0) to 
C17(7) are supplied to the first-stage basic cells 18- (0) 
to 18- (3) of the basic block FBI. 

In the same way as the first-stage basic cells 18- 
(0) to 18- (3) are connected to the second-stage basic 
cells 18- (4) to (18) -(6) in the basic block FB5, the 
third-stage basic cells 18- (7) to 18- (10) are connected 
in series to the fourth-stage basic cells 18- (11) to 18- 
(13) to form a similar pipeline configuration in the 
basic block FB6 . In the basic block FB6, pairs of 
compound data, which are sorted by the third- stage basic 
cells 18- (7) to 18- (10), are supplied to the three 
fourth-stage basic cells 18- (11) to 18- (13). As a result, 
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the basic block FB6 outputs eight sorted pieces of data 
as pairs of compound data to a next basic block FB7 in 
the same way as the basic block FB5 outputs the eight 
sorted pieces of data as pairs of compound data to the 
basic block FB6 . 

The basic block FB7 also includes seven basic cells 

u 10(14) to 18- (20). The fifth-stage basic cells 18- (14) 

E3 

to 18- (17) are used for receiving the eight sorted pieces 

M 

pj of data from the basic block FB6 in the same way as the 
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p pairs of compound data C17(0) to D17(7) are received by 
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- the first-stage basic cells 18- (0) to 18- (3) of the basic 

P 

HJ block FB5 . 
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yi In the same way as the first-stage basic cells 18- 

Hj (0) to 18-(3) are connected to the second-stage basic 

cells 18- (4) to 18- (6) in the basic block FB5, the fifth- 
stage basic cells 18- (14) to 18- (17) are connected in 
series to the sixth-stage basic cells 18- (18) to 18- (20) 
to form a similar pipeline configuration in the basic 
block FB7 . In the basic block FB7 , pieces of data, which 
are sorted by the fifth-stage basic cells 18- (14) to 18- 
(17) , are supplied to the three sixth-stage basic cells 
18- (18) to 18- (20). As a result, the basic block FB7 
outputs eight sorted pieces of data as pairs of compound 
data to a next basic block FB8 in the same way as the 
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basic block FB5 outputs the eight sorted pieces of data 
as pairs of compound data to the basic block FB6 . 

The two inputs of compound data output by the bas 
block FB7 are supplied to seventh - stage basic cells 18- 
(21) to 18- (24) of a next basic block FB8 , which also 
includes eighth-stage basic cells 18- (25) to 18- (27) in 
the same way as the pieces of compound data D9(0) to 
D0(7) are supplied to the first-stage basic cells 18- (0) 
to 18- (3) of the basic block FB5 . 

In the same way as the first-stage basic cells 18- 
(0) to 18- (3) are connected to the second-stage basic 
cells 18- (4) to 18- (6) in the basic block FB5 , the 
seventh- stage basic cells 18- (21) to 18- (24) are 
connected in series to the eighth-stage basic cells 18- 
(25) to 18- (27) to form a similar pipeline configuration 
in the basic block FB8 . In the basic block FB 8 , pieces o 
data, which are sorted by the seventh - stage basic cells 
18- (21) to 18- (24), are supplied to the three eighth- 
stage basic cells 18- (25) to 18- (27). As a result, the 
basic block FB8 outputs eight sorted pieces of compound 
data as final pairs of output data to pairs of external 
output terminals 19- (00) and 19- (71) respectively in the 
same way as the basic block FB5 outputs the eight sorted 
pieces of data as pairs of compound data to the basic 



block FB6. 

Pairs of output compound data, which are obtained 
as results of sort processing of the pairs of input 
compound data C17(0) to C17(7), appear at the pair of 
output terminals Dol and Kol of the seventh - stage basic 
cell 18- (21), the pair of output terminals Dol and Kol as 

^ well as the pair of output terminals Do2 and Ko2 of each 

h 

7i of the eighth-stage basic cells 18- (25) to 18- (27) and 
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Fit the pair of output terminals Do2 and Ko2 of the seventh- 
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H stage basic cell 18- (24). Each pair of output compound 
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s " data D19(0) to K19(7) is supplied as it is to the pair of 

o 

pj external output terminals 19- (00) to 19- (71) respectively 

yi in an increasing -magni tude order of sorted pieces of key 

rlj data K19(0) to K19(7), starting with the minimum K19(0) 

at the external output terminal 19- (01), and ending with 
the maximum at the external output terminal 19- (71) . On 
the other hand, the pieces of relevant data D19 ( 0 ) - D19 ( 7 ) 
are supplied to the output terminals 19 - (00) - 19 (70) 
respectively . 

As described above, the four basic blocks FB5 to 
FB8 each comprising seven basic cells having uniform 
structures are connected to each other to form a pipeline 
configuration. The basic blocks FB5 to FB8 constitute a 
sort processing apparatus. The sort processing apparatus 
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is thus a group of 28 basic cells. Th,e 28 basic cells are 
each the aforementioned second basic cell provided by the 
present invention . 

Since the number of pieces of input data supplied 
to the sort processing is 8 (N = 8) , the number of 
comparison carried out on the pieces of input data is 8 X 
7/2 = 28 as is expressed by equation (1). This number is 
G3 equal to the minimum number of theoretically required 
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N basic cells. 
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embodiment shown in Fig. 4 receives eight pieces of input 
data, which are an even number. It should be noted, 
however, that the number of pieces of input data can also 
be odd. In this case, an additional piece of input data 
is prepared as invalid input data, assume that the number 
of pieces of input data is 7 . In this case, sort 
processing can be carried out by additionally preparing 
large data greater than the maximum among the seven 
pieces of theoretically valid input data or adding small 
data smaller than the minimum among the seven pieces of 
theoretically valid input data as the invalid input data. 

Next, the internal structure of the second basic 
cell is explained by referring to Fig. 5. The basic cell 
18- (0) shown in Fig. 4 is used as a representative first 
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basic cell explained below. As shown in Fig. 5, the basic 
cell 18- (0) comprises a data comparator 20 serving as the 
aforementioned second data comparator provided by the 
present invention, and data selectors 21- (0) and 21- (3) 
each serving as the aforementioned second data selector 
provided by the present invention. 

The input terminals Dil, Kil, Di2 and Ki2 of the 
basic cell 18- (0) are connected to the external input 
terminals 17- (00), 17- (01), 17- (10) and 17- (11) 
respectively. The external input terminals 17- (00), 17- 
(01) 17- (01) and 17- (11) receive the relevant data D17(0), 
the key data K17(0), the relevant data D17(l) and the key 
data K17(l) respectively. The relevant data D17(0) and 
the key data K17(0) form the compound data C17(0) whereas 
the relevant data D17 (1) and the key data K17(l) form the 
compound data C17(l) as shown in Fig. 4. 

The input terminals Kil and Ki2 of the basic cell 
18- (0) are also connected respectively to input terminals 
A2 and B2 of the data comparator 20, which compares the 
key data K17(01) with the key data K17(ll), generating a 
select signal S2 at an output terminal C2 of the data 
comparator 20 as a result of comparison. The select 
signal S2 functions as the aforementioned second select 
signal provided by the present invention. 
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In addition, the input terminal Kil of the basic 
cell 18- (0) is also connected to an input terminal Inl of 
the data selector 21- (1) and an input terminal InO of the 
data selector 21- (3). On the other hand, the input 
terminal Ki2 of the basic cell 18- (0) is also connected 
to an input terminal InO of the data selector 21- (1) and 
an input terminal Inl of the data selector 21- (3). 

C3 

SJ Furthermore, the input terminal Dil of the basic 

PJ 

yl cell 18- (0) is also connected to an input terminal Inl of 

□ 

yl the data selector 21- (0) and an input terminal InO of the 

» 

£3 data selector 21- (2). On the other hand, the input 

n i 

□ terminal Di2 of the basic cell 18- (0) is also connected 

W 3 

□ to an input terminal InO of the data selector 21- (0) and 

s-, s 

I w 

an input terminal Inl of the data selector 21- (2) . 

The select signal S2 is supplied to a control 
terminal SEL of the data selector 21- (0), a control 
terminal SEL of the data selector 21- (1), a control 
terminal SEL of the data selector 21- (2) and a control 
terminal SEL of the data selector 21- (3). An output 
terminal SEL0 of the data selector 21- (0), an output 
terminal SEL0 of the data selector 21- (1), an output 
terminal SEL0 of the data selector 21- (2) and an output 
terminal SEL0 of the data selector 21- (3) are connected 
to respectively the output terminals Dol, Kol, Do2 and 
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Ko2 of the basic cell 18- (0). 

The following description explains the operation of 
the basic cell 18- (0) with the configuration described 
above. As described above, the data comparator 20 
compares the key data K17(0) with the key data K17(l). If 
the key data K17 (1) is found greater than the key data 
K17(0), the select signal S2 is set at a logic value of 
"1". If the key data K17(l) is found equal to or smaller 
than the key data K17(0), on the other hand, the select 



C3 

m signal S2 is set at a logic value of "0' 



=3 If the select signal S2 is set at a logic value of 



p "1" to indicate that K17(l) > K17(0), the data selector 

Ul 

-H 21- (1) passes on the key data K17(0) received at the 

PJ 

input terminal Inl thereof to the output terminal Kol by 
way of the output terminal SELO, and the data selector 
21- (3) passes on the key data K17(l) received at "the 
input terminal Inl thereof to the output terminal Ko2 by 
way of the output terminal SELO. 

At the same time, the data selector 21- (0) passes 
on the relevant data D17 (0) received at the input 
terminal Inl thereof to the output terminal Dol by way of 
the output terminal SELO, and the data selector 21- (2) 
passes on the key data D17(l) received at the input 
terminal Inl thereof to the output terminal Do2 by way of 
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the output terminal SELO. 

That is to say, for K17(l) > K17(0), K17(0) and 
K17(l) are sorted so that the smaller key data K17(0) is 
supplied to the output terminal Kol and the larger key 
data K17(l) is supplied to the output terminal Ko2 . At 
the same time, the data selector 21- (0) passes on the 
relevant data D17(0) related to the key data K17(0) to 
the output terminal Dol forming a pair with the output 
terminal Kol, and the data selector 21- (2) passes on the 
key data D17(l) related to the key data K17(l) to the 
output terminal Do2 forming a pair with the output 
terminal Ko2 . 

If the select signal S2 is set at a logic value of 
"0" to indicate that K17(l) ^ K17(0), on the other hand, 
the data selector 21- (1) passes on the key data K17(l) 
received at the input terminal InO thereof to the output 
terminal Kol by way of the output terminal SELO, and the 
data selector 21- (3) passes on the key data K17(0) 
received at the input terminal InO thereof to the output 
terminal Ko2 by way of the output terminal SELO. 

At the same time, the data selector 21- (2) passes 
on the relevant data D17(0) received at the input 
terminal InO thereof to the output terminal Do2 by way of 
the output terminal SELO, and the data selector 21- (0) 
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passes on the key data D17(l) received at the input 
terminal InO thereof to the output terminal Dol by way of 
the output terminal SELO . 

That is to say, for K17(l) ^ K17(0), K17(0) and 
K17(l) are sorted so that the smaller key data K17(l) is 
supplied to the output terminal Kol and the larger key 

jU data K17(0) is supplied to the output terminal Ko2 . For 

□ 

M K17(l) = K17(0), the key data K17(l) is supplied to the 

nj output terminal Kol and the key data K17(0) is supplied 

y 3 

O to the output terminal Ko2 . In either case, at the same 

Pi 

"S3 * 

a time, the data selector 21- (2) passes on the relevant 

o 

W data D17(0) related to the key data K17(0) to the output 

B 

U% terminal Do2 forming a pair with the output terminal Ko2, 

Pi 

rasp 

and the data selector 21- (0) passes on the key data 
D17(l) related to the key data K17(l) to the output 
terminal Dol forming a pair with the output terminal Kol. 

To summarize what has been described above, in the 
basic cell 18- (0), the data comparator 20 and the data 
selectors 21- (0), 21(1), 21(2) and the 21- (3) operate to 
compare the key data K17(0) supplied to the input 
terminal Kil with the key data K17(l) supplied to the 
input terminal Ki2 and, if the key data K17(l) supplied 
to the input terminal Ki2 is found greater than the key 
data K17(l) supplied to the input terminal Kil, the key 
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data K17(0) supplied to the input terminal Kil is passed 
oh to the output terminal Kol while the input data K17 (1) 
supplied to the input terminal Ki2 is passed on to the 
output terminal Ko2 

If the basic cell 18- (0) finds that the key data 
K17(l) supplied to the input terminal Ki2 is equal to or 
U smaller than the key data K17(0) supplied to the input 

C3 . 

p terminal Kil, the key data K17(0) supplied to the input 

flj terminal Kil is passed on to the output terminal Ko2 

in 

q while the key data K17(l) supplied to the input terminal 

s Ki2 is passed on to the output terminal Kol. 

n 

flj As described above, pieces of compound data 

n 

U1 comprising key data and relevant data related to the kev 

£3 

PJ data are rearranged so that key data passed on to the 

output terminal Kol is always equal to or smaller than 
key data passed on to the output terminal Ko2 without 
regard to the random magnitude order in which the pieces 
of key data are supplied to the input terminals Kol and 
Ko2 . At the same time, relevant data related to the key 
data passed on to the output terminal Kol is always 
supplied to the output terminal Dol while relevant data 
related to the key data passed on to the output terminal 
Ko2 is always supplied to the output terminal Do2 . Thus, 
the basic cell 18- (0) functions as a sort processing unit 
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for sorting two pieces of compound data comprising key 
data and relevant data by comparing two pieces of key 
data, which are associated with the two pieces of 
relevant data respectively. 

In addition, the comparison condition of the data 
comparator 20 can also be set as follows. That is to say, 
if the key data K17 (1) is found smaller than the key data 
K17(0), the select signal S2 is set at a logic value of 
"1" and, if the key data K17(l) is found equal to or 
greater than the key data K17(0), on the other hand, the 
select signal S2 is set at a logic value of "0". In this 
case, the basic cell 18- (0) functions as a sort 
processing unit comprising the data comparator 20 and the 
data selectors 21- (0) to 21- (3) that sort pairs of 
compound data into the reversed order. 

Fig. 6 is a diagram showing the configuration of 
another sort processing apparatus similar to that shown 
in Fig. 1 except that the number of pieces of input data 
is increased. To be more specific, the sort processing 
apparatus has basic cells 23- (0) to 23- (N/2-1), which are 
each identical with the basic cell 10- (0) shown in Fig. 1, 
where N is an even number greater than eight. To put it 
in detail, first of all, at the first stage, the number 
of basic cells arranged in the vertical direction is 




increased to N/2 . The pair of input terminals Ai and Bi 
of the basic cell 23- (0) to 23- (N/2-1) are connected to 
external input terminals 22- (0) and 22-(N-2) respectively. 

Then, much like the second stage shown in Fig. 1, a 
second stage for the sort processing apparatus shown in 
Fig. 6 is sandwiched by a line connected to an output 
lj terminal Ao of the basic cell 23- (0) and a line connected 

a 

^4 to an output terminal Bo of the basic cell 23- (N/2-1). 

PJ 

Ul This second stage comprises (N/2-1) basic cells 24- (0) to 

24 (N/2-2). Input terminals Ai and Bi of the second-stage 



ax fife 
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P basic cell 24- (1) to 24- (N/2-2) are connected to 

PJ 
□ 
Ul 

5"? basic cell 23- (0) to 23- (N/2-1) and an input terminal Ao 



respectively an output terminal Bo of the first- stage 



of the first-stage basic cell 23- (0) to 23- (N/2-1). The 
N/2 first-stage input basic cells 23- (0) to 23- (N/2-1) 
and the second-stage basic cells 24- (0) to 24- (N/2-2) 
form a first basic block 25- (0). 

This extended sort processing apparatus comprises 
N/2 basic blocks 25- (0) to 25- (N/2-1), which are arranged 
in the horizontal direction. The last basic block 25- 
(N/2-1) has external output terminals 26- (0) to 26-(N/2- 
1) . 

By adopting the extension technique described above, 
an increased number of pieces of input data can be 
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handled by an increased number of basic cells, which can 
be arranged in a square area so as to provide a dense 
sort processing apparatus including no gaps between the 
basic cells. In the case of a sort processing apparatus 
implemented as a semiconductor device such as an LSI, the 
basic cells can be arranged regularly, allowing the 
semiconductor integration to be carried out with ease. 

In this case, the number of basic cells is 
expressed as follows: 

Number of basic cells 
= (N/2 + N/2 - 1) X (N/2) 
= N X (N - 1) /2 (3) 

The number of basic cells given above is equal to 
the theoretical minimum number of basic cells or the 
number of possible two input combinations extracted from 
N inputs. 

Fig. 7 is a diagram showing the configuration of a 
further sort processing apparatus with hardware similar 
to that shown in Fig. 1. Reference numeral 27 denotes a 
basic cell identical with the basic cell 10- (0) shown in 
Fig. 1. As shown in Fig. 7, this sort processing 
apparatus comprises basic blocks 30- (0) to 30- (N/2-1). 
For a large number of inputs, the propagation time of a 
signal passing through a basic cell 27 may greatly vary. 



It is thus quite within the bounds of possibility that 

the overall operation speed decreases. 

In order to solve this problem, as shown in Fig. 

data latches 28 each serving as a storage means are 
provided at points of connection between the basic block 
30- (0) and 30- (N/2-1) so that the sort processing can be 
carried out in a pipeline manner. 

The time to complete the sort processing is 
increased by the existence of stages of the data latches 
28. Since the data latches 28 at each of the stages 
between the basic blocks 30- (0) and 30- (N/2-1) are 
controlled by a clock signal 29, the clock signal 29 
allow pieces of data completing sort processing at any of 
the stages to be output to the next stage at the same 
time . 

The means for solving the deterioration of the 
operation speed as described above can be applied not 
only the sort processing apparatus of Fig. 1 for pieces 
of single input data as shown in Fig. 7, but also the 
sort processing apparatus for pairs of compound data as 
shown in Fig . 4 . 

As described above, in accordance with the sort 
processing method provided by the present invention, 
simple basic processing is carried out repeatedly in a 
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pipelining manner a minimum number of times theoretically 
required for processing a given number of pieces of input 
data. Thus, in comparison with the conventional sort 
processing method, the sort processing method provided by 
the present invention can be implemented by using more 
compact hardware and executed in a shorter processing 

p time. In addition, since an increased number of pieces of 

Q 

s 4 input data can be processed by merely adding the number 

ni 

Ul of times the basic processing is carried out, the size of 

M 

CP the hardware can be increased with ease. 

^3 Furthermore, in the first sort processing apparatus 

n I 

*** provided by the present invention, basic processing is 

Ul 

carried out repeatedly in a pipeline manner and a simple 

n i 

way a minimum number of times theoretically required for 
processing a given number of pieces of input data by 
using a group of first basic cells in order to carry out 
sort processing. By the same token, in the second sort 
processing apparatus provided by the present invention, 
basic processing is carried out repeatedly in a pipeline 
manner and a simple way a minimum number of times 
theoretically required for processing a given number of 
pieces of compound data by using a group. of second basic 
cells in order to carry out sort processing. It is thus 
possible to eliminate adders and a converter, which are 
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employed in the conventional sort processing apparatus. 
As a result, the first and second sort processing 
apparatus can be implemented by more compact hardware 
capable of carrying out the sort processing in a shorter 
period of time. 

Moreover, the first and second sort processing 

□ apparatus are capable of handing additional pieces of 

« 

input data by merely provided additional first and second 

ry 

U1 basic cells respectively in a simple manner. As a result, 

Q 

Q! from the hardware point of view, the sort processing 

s 

C3 apparatus can be extended with ease. 

rn 

C3 In addition, besides the effects described above, 

111 

the second sort processing apparatus provided by the 
present invention offers a merit that each input data may 
comprise a plurality of pieces of data related to each 
other. In this case, one of the pieces of data is used as 
key data. Then, while pieces of key data are being sorted 
into a magnitude order, pieces of relevant data, which 
are related to the pieces of key data, are arranged by 
associating the pieces of relevant data with the pieces 
of key data. 

While the preferred embodiments of the present 
invention have been described using the specific terms, 
such description is for illustrative purposes only, and 
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it is to be understood that changes and variations may 
made without departing from the spirit or scope of the 
following claims. 



